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Description 

Continuous Hydrocyanation Process Using Zinc Haiide Promoter 



Field of the Invention 

5 This invention relates to a continuous process for the hydrocyanation gf non-conjugated, ethylenicafly 
unsaturated organic nitrites to produce the corresponding dlnttrile. 

Background oT Prior Art 

Processes for the hydrocyanation of ethylenically unsaturated organic nitrites to produce the corresponding 
10 dinitrfle are known. Drinkard et al. U.S. Patent 3,496,217 discloses such e process In which the catalyst 
employed Is a zero-valent nickel compound, and the catalyst is promoted by zjnc chloride. Downing et a). U.S. 
Patent 3,564,040 discloses a continuous process for the preparation of dinitrile by hydrocyanation using 
zero-valent nickef catalyst promoted with high amounts of zinc chloride. Rapoport U.S. Patent 4,371,474 
discloses a continuous process for carrying out the hydrocyanation reaction using an arylborane as the 
13 catalyst promoter. 

Summary of the Invention 

The present indention Is an improvement over Drinkard al„ U.S. Patent 3,469,21 7, and Downing et al. U.S. 
Patent 3,564,040. In the present Invention the hydrocyanation reaction is carried out continuously ; the catalyst 

20 employed has a low ratio ot total ligand to zero-vatent nickel, and the amount of zinc chloride promoter 
employed Is low. The process thus produces the desired dinitrile product in satisfactory yields using low 
amounts of promoter and low amounts of llgand. The invention may be summarized as follows: 

This Invention Is a continuous process for the hydrocyanation of non-conjugated, ethylenically unsaturated 
organic nitrites having 4 to 20 carbon atoms to produce the corresponding dinitriles which process comprises 

25 conducting the hydocyanalion on the presence of a zero-vatent nickel llgand-contajning catalyst having the 
general formula NIL** where L is P(QAr)s and Ar Is an aryl or substituted aryt group having up to 18 carbon 
atoms promoted with zinc haiide, maintaining the temperature of the hydrocyanation at less than about 75° C, 
controlling the amount of hydrogen cyanide relative to other compounds participating in the reaction such that 
the overall feed mol ratio of hydrogen cyanide to unsaturated nitrtle Is in the range of about -33/1 to .8/1 , the 

3D overall feed mol ratio of hydrogen cyanide to zero-valent nickel catalyst In the range of about 10/1 to 11 6/1 and 
the overall feed mol ratio of hydrogen cyanide to promoter in the range about 30/1 to BO0/1 and the molar ratio 
of total Jigand to zero-valent nickel introduced as a catalyst in the range of about 5.4 to 8.2. 

Preferably in the continuous process of this invention the organic nitrite starting material is 3-and/or 
4-pentenenItriie, the zero-valent nickel catalyst has ligands of trttolylphosphrte, and the promoter is zinc 

35 chloride. 

Detailed Description of the Invention 

As pointed out in U.S. Patent 4.371,474 by the use of certain organoborane promoters it Is possible to oarry 
out the desired hydrocyanation reaction using relatively low ratios of ligand to zero-vatent nickel, i.e., ratios of 
40 about 5.Q to 7.8. Such relatively low ratios are economically attractive because the Jigand recovery and ligand 
recycle aspects of the process are reducd In size. 

In the commercial application of pentenenltrile hydrocyanation using the promoter zinc chloride there are 
safety and other downstream problems associated with the high concentration when un reacted 
pentenanitriios are recovered and the adlponltrile Is separated from the other dinitriles. Drinkard In 
45 U.S. 3,768.241 addresses these problems by using anhydrous ammonia to precipitate the soluble zinc chloride 
as the Insoluble zinc chloride ammonia complex which can then be removed by filtration or centrifugation prior 
to refining operations. It is claimed that ammonia treatment reduces corroslvesness, reduces decomposition 
during distallation. reduces complexing by adiponitrile and other nitrites and improves the yield by 1 to 3°/b, The 
present Invention has benefits in less ammonia consumption, less waste disposal costs, leas pentenenitrtiee 
50 and dinitrites test In filter cakes or slurries and less cleaning costs. 

The present Invention allows the production of the desired dinitrile when the ratfo of hydrogen cyanide to 
promoter is in the range of about 30/1 to 800/1, while In the organoborane system described in U.S. Patent 
4,371,474 the ratio Is in the range of about 30/1 to 40071. 

The present Invention can be employed to produce a variety of dinitriles but adlponltrile (ADN) is of 
55 particular interest becaue it is an intermediate used in the production of hexamethylenedlamine which In turn Is 
used to produce polyhexamethyleneadipamide, a commercial potyamidB useful in forming fibers, films and 
molded articles. 

All ratios referred to herein are molar ratios and the amount of llgand is total llgand unless otherwise 
spacrfied. 

60 Although the hydrocyanation reaction can employ any non-conjugated, ethylenically unsaturated organic 
nitrite of from 4 to 20 carbon atoms it is of particular interest in the hydrocyanation of pentenenltriles, e.g., cis* 
and trans-3-pentenenitrile (3PN), 4-pentenenltrile (4PN) and mixtures thereof (S^N's). 
The preparation of zero-valent nickel [Ni(OJJ catalyst which is used In the practice of the present invention is 
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found in U.S. Patent 3,903 120 issued on September i. 1975. Of particular Interest Is catalyst having the 
general formula NIL, where Lis a neutral llgand such as a trlarylphosphlte of the formula P(OAr) 3 wherein Ar Is 

m^?? * ? P , l ,° 1 * carb ° n * 0 T- " ,u 4 s1ratlVB "f the aryl groups are methoxyphenyl. tolyl. xytyl and phanyl. 
Meta-and para-tolyl and mixtures thereof are the preferred aryl groups 
The promoters used in the present invention are zinc halides. Zinc ctilofide is the preferred zinc halide 
The hydrocyanafcon can be conducted in one or more steps or stages. If a plurality of stages is employed it 
E£ r t!Z« '"e stages be in series with the product from one stage being directed to a subsequent stage. 
The hydrogen cyanide can be Introduced Into The flfst stage or split between stages 

The hydrocyanatlon must be conducted within certain limits to permit effective use of the zero-valent nickel 
catalyst vvK i the amount of ligand within the ranges discussed. One limitation is temperature In order to 
produce ADN in an acceptable yield at commercially feasible rates the temperature Is maintained above 25'C 
but less than about 75°C because at temperatures above 75°C, e.g., 100-C, ft has been found that the vleid 
LllM! !lw eS f ,V 5 a 'l d th3t n ° commerclaI| y P™*<*> adjustments in the reectatrts or other reaction variables 
can be made to duplicate performance at lower temperatures. It Is preferred to maintain the temperature In the 
range of 30^*65 C 

Another llmhatfon Is In the amount of HCN relative to the other compounds participating in the reaction. As 
£.? TO!* T ° 3PN 9 " d/o ^PN is increased the conversion of ten nttrlles increases and 

their concentration in the reaction products decreases. This results in reduced yield loss. However the 
amount of promoter and/or catalyst required to sustain the reaction concurrently increases which adverse* 
affects the economics of the process. Conversely, as the amount oF HCN relative to the 3PN and/or 4PN 
d " c "~*l e EJ? lo3S ^creases and the cost of recovering 3PN and/or 4pN increases. By meJntaninq the 
rat,oofH CNto3PNand/or4PNintheran^otabout.35to.8thebenemofi^ 
% - promoter cost and catalyst and 3,4-PN's recovery costs are balanced. 

As the ratio of HCN to NI(O) increases beyond 11<Vl the reaction is difficult to sustain unless excessive 
amounts of promoter are used. Otherwise, higher temperatures are required and the yield loss increases. At 
ratios below 10/1 even though the reaction is vigorous and the yield loss is small, the cost of recovering the 
catalyst becomes excessive. The preferred balance Is realfeed at an HCN/Ni(0) ratio in the range 10/1 to 75/1 
The amount of HCN relative to promoter, e.g., zinc bolide in the reaction has been found to afreet the activity 
of the catalyst. When the ratio of HCN/promoter exceeds 8DQ/1 the activity of the catalyst decreases to an 
extent that the temperature of the reaction must be Increased beyond that required to obtain an acceptable 
yield and unless excessive amounts of catalyst are used the yield loss to 2PN Is excessive. When the ratio of 
4 HCN/promoter decreases below about 30/1 tha cost of promoter is excessive. Operations at a ratio of HCN to 

promoter within the range of about 30/1 to 800/1 permits operation at an acceptable rate and temperature 
^ t The advantages of using a catalyst having a llgand to nickel ratio of 5.4 to Bj2 are realized when the above 

; variables are maintained as discussed. 

The following examples are presented to Illustrate but not to restrict the present Invention. Parts and 
percentage are by weight unless othewise noted. The following abbreviation and definition are used in the 
Examples: 

TTP = the reaction product of PCla and commercial^ available m.c-cresol which contains minor amounts of 
. related phenols. 

JS) ™ols of 3- and 4-PN's consumed 
™ Conversion « -« x i00 

mols of 3- and 4-PN f s fed 



Examples : 

Continuous single stage pentenenrtrile hydrocyanalions were run as described below: 
A crimp-baffled round bottomed glass reaction vessel of about 25 cc reaction volume was used as the 
hydrocyanation reactor. All reagents entered the reaction vessel through skJearms fitted with rubber septa. 
The vessel was fitted wtth an overflow arm through which product flowed by gravity to a product receiver. It 
was also fitted with a mechanical stirrer and vigorous agitation was maintained. A small nitrogen purge was 
constantly applied. The vessel was heated by a heater-blower. The temperature of the reactor was 
thermocouple controlled by an electronic controller which regufated the reactor temperature by controlling the 
current in the blower heating element 

At start-up the vessel was charged with the expected product composition and brought to operating 
temperature, Then three electronically controlled syringe pups fitted with 18 gauge needles several feet long 
were used to feed the reaction vessel. One syringe pump contained catalyst solution prepared as described in 
Shook et al. U.S. Paient 3,903,120. one contained a mixture of refined pentenenitriles (PN's) and hydrogen 
cyanide, and one pump contained a 10 percent solution of ZnCte in panlenenltrlles. The syringe needles 
entered the vessel through the rubber septa referred to earlier and were submerged in the reaction liquid. The 
pump volumetric flow rates were controlled so as to maintain the conditions shown in the Table. Reactor 
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10 



15 



2Q 



effluent entered product bottles which ware removed periodically as required for chemical analyses. 

The 3- and4-pentenenitriJe (3,4-PH) conversion was controlled by The amount of HCN fed relative to the total 
3,4-PN fed (PNVHCN feed pump. catalyst/PH's feed pump and ZnCk/PN's feed pump). 

Th9 imreacted HCN in the reactor (HCN leakage) was measured by periodically removing 0.05 mi reactor 
samples which were introduced into a 0.2 mm CaF 2 Infrared cavfly cell. An infrared spectrophotometer was 
then used to measure the cell HCN concentration using the HCN peak at ca. 2085 cm - \ In general, a run was 
considered a steady stot© run if 10 vessel turnovers with steady HCN leakage could be reached. 

At) of the examples In thB Table were run al So°c, It should be noted that three times less ZnC( 2 was used in 
Examples 1-3 than In the Comparative where the promoter was triphenytborane (TPB) rather than ZnCI 2 . 
Moreover, after examples 1, 2 and 3 achieved steady state operation. TPB was substituted for ZnCte at the 
same HCN/prOmoter ratio. In all three examples the HCN leakage rose sharply and steady state could not be 
maintained. 

The Comparative Example - designated C in the Table - illustrates the use of TPB in steady state operation 
at the same HCN feed rate as In the examples but using three times the amount of promoter. When an attempt 
was made to run the Comparative at a teed ratio of HCN/TPB of about 200/1 rather than about 100/1 the HCN 
leakage rose rapidly to unacceptobly high levels Indicating loss of reaction vitality. Even when attempts were 
made to run the Comparative at an HCN/TPB feed ratio of about 200/1 but at one quarter the rates shown in 
the Table reaction vitaJJly could not be sustained. Over the region of feed TTP/NifO) ratio of from 5.45/1 to 
6.13/1 the promoter ZnCte was much more active than the promoter TPB. 



TABLE 



25 



30 



35 



40 



45 



Exam- 



Feed 



Over- Over- 
all 
Rate 



1 

2 
3 
4 

5* 
C 



50-7 314. S 
49-7 307.6 
49*8 310.4 
19.0 392.2 
29.0 599,7, 
50.2 97-2 1 



9.29 0.502 0.493 50.6 9.3 

7-06 0-498 0.474 50,0 9.3 

6.13 0.49S 0.458 39.3 9.2 

3.13 0.445 0.870 43.6 7.0 

4.78 0.681 0-836 67.9 5.5 

6.73 0.483 0.453 50.3 11.1 



all 




Mol 


Rate 


Cat 


Ratio 


g HCN/ 


Effi- 


of 


cc/hdn 


ciency TTP to 


X_10 ) 


** 


Ni(O) 


2.9 


250 


5.4S 


2.9 


280 


7.05 


2.9 


310 


B.13 


2.2 


490 


6.07 


1-7 


490 


6.07 


2.9 


350 


7.46 



Triphenylborane, not znCl- 
* Example 5 is a two stage run in which 65.4% of the hydrogen 
cyanide was fed to the first stage and 34-6% was fed to the 
second stage. 

** Mol Ratio of dinitriles made to moles of MI(O) consumed. 



50 

Claims . 

1. A continuous process for the hydrocyanatfon of non-conjugated, ethylenlcally unsaturated organic 
nitriies having 4 to 20 carbon atoms to produce the corresponding dinitriles which process comprises 

55 conducting the hydrocyanatfon in the presence of a zero-valent nickel ligand-containing catalyst having 

the general formula NiU where L is P(OAr) 3 and Ar is an aryl or substituted aryl group having up to 18 
carbon atoms promoted with zinc hallde, maintaining the temperature of the hydrocyanation at less than 
about 75 ft C, controlling the amount of hydrogen cyanide relative to other compounds participating in the 
reaction such that the overaJI feed mol ratio of hydrogen cyanide to unsaturated nrtnle is in the range of 

BO about .35/1 to .8/1. the overall feed mol ratio of hydrogen cyanide to zero-valent nickel catalyst In the 

range of about 10/1 to 1 16/1 and the overall feed mol ratio of hydrogen cyanide to promoter In the range 
about 30/1 to 800/1 and the molar ratio of total ilgand to zero-valent nickel Introduced as a catalyst in the 
range of about 5.4 to 8.2. 

2. The process of claim 1 in which the non-conjugated, ethylenlcafly unsaturated organic nitrile is 
65 selected from the class consisting of 3-pentenenitrfle. 4-pentenenitrile and mixture thereof. 
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3. The process of claim 1 or claim 2 In which iha Ae ii <=«ior-ft>H f mm „i— , . 

para-tolyl and mixtures thereof. ' ' 3 St * aCred fr ° m me c,ass c «"=tet'"9 of mela-tolyl, 

4. The process of claim 1 . 2 or 3 in which the temperature is maintained in the range of 30 to 65' c. 
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